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FIG.6C
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FIG.6E
FIRST EXEMPLARY EMBODIMENT
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FIG.6G
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FIG.6l
FIRST EXEMPLARY EMBODIMENT
AAT50% = ART509% = -20nm
100
)
e <
TRANS- ?\\
MITTANGE 50 A
K BN
350/\/‘{ ".‘ Y\/OQ
30 A i °
| 25
20 p 'II \
10 \'\.‘“\
0 O
400 450 500 550 600 650 700 750
WAVELENGTH [nm]
FIG.6J
FIRST EXEMPLARY EMBODIMENT
AAT50% ~ ART50% = ~30nm
100
90
80 AR
70 Aﬁéﬁf‘ '
60
TRANS- N
MITTANCE 50 *
(el 40 \\> ;
30 2 Rijii:/§g°
20 S i
10 \;‘\\
O \‘\‘

400 450 500 550 600 650 700 750
WAVELENGTH [nm]



U.S. Patent Dec. 1, 2015 Sheet 9 of 34 US 9,201,181 B2

FIG.6K
FIRST EXEMPLARY EMBODIMENT
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FIG.6M
FIRST EXEMPLARY EMBODIMENT
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FIG.7A
SECOND EXEMPLARY EMBODIMENT
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FIG.7B
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FIG.7C
SECOND EXEMPLARY EMBODIMENT
AAT50% = ART50% =40nm
100
90 .
80 » .".\' “‘.\
70 _4\/,./#::"" ‘-‘.\ ‘:
TRANS-_ [~ o
MITTANGE 50 Y 5
[%] 40 35 »\,’._‘ r\\/25
30 2| \
20 + \
10 “'\il‘\
0 \':-?.‘
400 450 500 550 600 650 700 750
WAVELENGTH [nm]
FIG.7D
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FIG.7G
SECOND EXEMPLARY EMBODIMENT
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FIG.7I
SECOND EXEMPLARY EMBODIMENT
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FIG.7K

SECOND EXEMPLARY EMBODIMENT
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FIG.7TM
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FIG.8A
THIRD EXEMPLARY EMBODIMENT
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FIG.8C
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FIG.8E
THIRD EXEMPLARY EMBODIMENT
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FIG.8G
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FIG.8I
THIRD EXEMPLARY EMBODIMENT
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FIG.8K
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FIG.12A
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FIG.13A
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1
INFRARED CUT FILTER AND IMAGING
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an infrared cut filter and an
imaging apparatus in which an infrared cut filter is used.

2. Description of the Related Art

A semiconductor solid-state imaging device such as a
charge coupled device (CCD) or a complementary metal
oxide semiconductor (CMOS) is built in imaging apparatus
such as digital cameras. The sensitivity of these solid-state
imaging devices extends from a visible spectrum range to an
infrared spectrum range. For this reason, an infrared cut filter
for shielding infrared light is provided between an imaging
lens system and a solid-state imaging device in the imaging
apparatus. The infrared cut filter enables calibrating the sen-
sitivity of the solid-state imaging device to approximate the
spectral sensitivity of human beings.

Infrared cut filters used in the related art include those
manufactured by forming an infrared reflecting layer includ-
ing a dielectric multilayer film on a resin substrate (see, for
example, patent document 1).

[patent document 1] JP2005-338395

However, an infrared reflecting layer including a dielectric
multilayer has incident angle dependence in which infrared
shielding property vary depending on the incident angle.
Therefore, the central part of an image capturing light trans-
mitted through the infrared reflecting layer may look different
in color from the periphery thereof.

SUMMARY OF THE INVENTION

The present invention addresses the issue and a purpose
thereof is to provide an infrared cut filter having favorable
infrared shielding property relatively less dependent on the
incident angle, and to provide an imaging apparatus in which
the infrared cut filter is used.

The infrared cutfilter according to at least one embodiment
comprises: a transparent dielectric substrate; an infrared
reflecting layer formed on one surface of the transparent
dielectric substrate and configured to reflect infrared light;
and an infrared absorbing layer formed on the other surface of
the transparent dielectric substrate and configured to absorb
infrared light.

The infrared absorbing layer may be formed of a resin that
contains infrared absorbing pigment.

The infrared reflecting layer may be formed of a dielectric
multilayer film.

Given that the wavelength that provides the transmittance
of 50% of the infrared reflecting layer is Agzsq0, nm and the
wavelength that provides the transmittance of 50% of the
infrared absorbing layer is A 754, im, the infrared reflecting
layer and the infrared absorbing layer may be formed such
that A 7500, <Pr 7500, 15 Met.

Further, the infrared reflecting layer and the infrared
absorbing layer may be formed such that A ,75q0,—Agr7s00e<—
10 nm is met.

Further, the infrared reflecting layer and the infrared
absorbing layer may be formed such that —50 nms=A 50, —
Arrsoos 18 met.

The transparent dielectric substrate may be formed of
glass. The infrared reflecting layer may be formed so as to
reflect ultraviolet light. A protective layer may be provided on
the infrared absorbing layer. The protective layer may have
the function of preventing reflection of visible light. The
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protective layer may have the function of preventing trans-
mittance of ultraviolet light. A reflection prevention layer for
preventing reflection of visible light may be provided on the
protective layer. The reflection prevention layer may have the
function of preventing transmittance of ultraviolet light. A
primer layer may be provided between the transparent dielec-
tric substrate and the infrared absorbing layer.

The infrared reflecting layer may be warped such that the
surface opposite to the surface on the side of the transparent
dielectric substrate is convex.

Another embodiment of the present invention relates to an
imaging apparatus. The imaging apparatus comprises: the
infrared cut filter as described above; and an imaging device
on which light transmitted through the infrared cut filter is
incident.

Optional combinations of the aforementioned constituting
elements, and implementations ofthe invention in the form of
methods, apparatuses, and systems may also be practiced as
additional modes of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described, by way of example
only, with reference to the accompanying drawings which are
meant to be exemplary, not limiting, and wherein like ele-
ments are numbered alike in several Figures, in which:

FIG.11is across sectional view showing the structure ofthe
infrared cut filter according to the embodiment of the present
invention;

FIG. 2 shows an exemplary spectral transmittance curve of
an infrared reflecting layer according to the first exemplary
embodiment including a dielectric multilayer film;

FIG. 3 shows an exemplary spectral transmittance curve of
an infrared absorbing layer according to the second exem-
plary embodiment;

FIG. 4 shows an exemplary spectral transmittance curve of
the infrared cut filter according to the embodiment;

FIG. 5 lists the composition of the infrared absorbing layer
used in the first through third exemplary embodiments;

FIG. 6A shows the spectral transmittance of the infrared
cut filter according to the first exemplary embodiment in
Which A 75006 =M r7500,=00 NI,

FIG. 6B shows the spectral transmittance of the infrared
cut filter according to the first exemplary embodiment in
Which A 7500, =M rrs00e=20 NI,

FIG. 6C shows the spectral transmittance of the infrared
cut filter according to the first exemplary embodiment in
Which A 7500, =P g 150,40 ni1;

FIG. 6D shows the spectral transmittance of the infrared
cut filter according to the first exemplary embodiment in
Which A 75006 =M rr500.=30 0,

FIG. 6E shows the spectral transmittance of the infrared cut
filter according to the first exemplary embodiment in which
Mazsov—Prrsos—20 nm;

FIG. 6F shows the spectral transmittance of the infrared cut
filter according to the first exemplary embodiment in which
Mazsov—Parsos—10 nm;

FIG. 6G shows the spectral transmittance of the infrared
cut filter according to the first exemplary embodiment in
Which A 7500, =Pz 5000 M

FIG. 6H shows the spectral transmittance of the infrared
cut filter according to the first exemplary embodiment in
which A 7500, =M rr500s=—10 nI;

FIG. 61 shows the spectral transmittance of the infrared cut
filter according to the first exemplary embodiment in which
M a7509%—Mrrsoss——20 nm;
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FIG. 6] shows the spectral transmittance of the infrared cut
filter according to the first exemplary embodiment in which
M 75006 rrsoss——30 nm;

FIG. 6K shows the spectral transmittance of the infrared
cut filter according to the first exemplary embodiment in
Which A 7500, =M r7500s=—40 nIN;

FIG. 6L shows the spectral transmittance of the infrared cut
filter according to the first exemplary embodiment in which
N i7s006—Mrrsoss——50 nm;

FIG. 6M shows the spectral transmittance of the infrared
cut filter according to the first exemplary embodiment in
Which A 7500, =M r7500s=—60 NI

FIG. 7A shows the spectral transmittance of the infrared
cut filter according to the second exemplary embodiment in
WhiCh A 7500, =M r75006=00 N,

FIG. 7B shows the spectral transmittance of the infrared
cut filter according to the second exemplary embodiment in
Which A 75006 =M r75006=20 M,

FIG. 7C shows the spectral transmittance of the infrared
cut filter according to the second exemplary embodiment in
WhiCh A 7500, =M r75006=40 N,

FIG. 7D shows the spectral transmittance of the infrared
cut filter according to the second exemplary embodiment in
WhiCh A 7500, =M r75006=30 1M,

FIG. 7E shows the spectral transmittance of the infrared cut
filter according to the second exemplary embodiment in
Which A ;7500 =Pz 7500, =20 00

FIG. 7F shows the spectral transmittance of the infrared cut
filter according to the second exemplary embodiment in
Which A 7500,=Mr75006=10 N0,

FIG. 7G shows the spectral transmittance of the infrared
cut filter according to the second exemplary embodiment in
Which A 7500, =M r7500=0 101

FIG. 7H shows the spectral transmittance of the infrared
cut filter according to the second exemplary embodiment in
Which A 7500, =M r7500s=—10 nI;

FIG. 71 shows the spectral transmittance of the infrared cut
filter according to the second exemplary embodiment in
Which A 7500, =Pz 7500,——20 nM;

FIG. 7] shows the spectral transmittance of the infrared cut
filter according to the second exemplary embodiment in
Which A 7500, =M r7500s==30 NI

FIG. 7K shows the spectral transmittance of the infrared
cut filter according to the second exemplary embodiment in
Which A 7500, =Mr7500s=—40 NI

FIG. 7L shows the spectral transmittance of the infrared cut
filter according to the second exemplary embodiment in
which A 7500,—P g 7500, ——50 nm;

FIG. 7M shows the spectral transmittance of the infrared
cut filter according to the second exemplary embodiment in
Which A 7500, =M r7500s=—60 NI

FIG. 8A shows the spectral transmittance of the infrared
cut filter according to the third exemplary embodiment in
WhiCh A 7500, =M r75006=00 1M,

FIG. 8B shows the spectral transmittance of the infrared
cut filter according to the third exemplary embodiment in
WhiCh A 7500, =M r75006=20 M,

FIG. 8C shows the spectral transmittance of the infrared
cut filter according to the third exemplary embodiment in
Which A ;7500 =P g 7500, 40 0

FIG. 8D shows the spectral transmittance of the infrared
cut filter according to the third exemplary embodiment in
Which A 7500, =M r75006=30 M,

FIG. 8E shows the spectral transmittance of the infrared cut
filter according to the third exemplary embodiment in which
N irs00e—Prrsos,—20 nm;

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 8F shows the spectral transmittance of the infrared cut
filter according to the third exemplary embodiment in which
Mazsovs—Parsor—10 nm;

FIG. 8G shows the spectral transmittance of the infrared
cut filter according to the third exemplary embodiment in
Which A 7500, =M r7500=0 101

FIG. 8H shows the spectral transmittance of the infrared
cut filter according to the third exemplary embodiment in
Which Ay 7500,—P g r500,——10 nM;

FIG. 81 shows the spectral transmittance of the infrared cut
filter according to the third exemplary embodiment in which
M 7509 —Mr7s00s——20 nm;

FIG. 8] shows the spectral transmittance of the infrared cut
filter according to the third exemplary embodiment in which
M azs09%—Mrrsoss——30 nm;

FIG. 8K shows the spectral transmittance of the infrared
cut filter according to the third exemplary embodiment in
Which A 7500, ~Mr7500s=—40 nIN;

FIG. 8L shows the spectral transmittance of the infrared cut
filter according to the third exemplary embodiment in which
M yzs006=Prrsos,——50 nm;

FIG. 8M shows the spectral transmittance of the infrared
cut filter according to the third exemplary embodiment in
Which A 7500, ~Mr7500s=—60 nIN;

FIG. 9 lists primary parameters of the spectral transmit-
tance curves shown in FIGS. 6A-6M,

FIG. 10 lists primary parameters of the spectral transmit-
tance curves shown in FIGS. 7A-7TM,

FIG. 11 lists primary parameters of the spectral transmit-
tance curves shown in FIGS. 8A-8M;

FIG. 12A shows the relationship, in the first exemplary
embodiment, of the difference between the cut-off wave-
length of the infrared absorbing layer and the cut-off wave-
length of'the infrared reflecting layer relative to the steepness
of the transient range of the spectral transmittance curve;

FIG. 12B shows the relationship, in the first exemplary
embodiment, of the difference between the cut-off wave-
length of the infrared absorbing layer and the cut-off wave-
length of the infrared reflecting layer relative to the amount of
shift of the cut-off wavelength occurring when the incident
angle changes from 0° to 35°;

FIG. 13 A shows the relationship, in the second exemplary
embodiment, of the difference between the cut-off wave-
length of the infrared absorbing layer and the cut-off wave-
length of'the infrared reflecting layer relative to the steepness
of the transient range of the spectral transmittance curve;

FIG. 13B shows the relationship, in the second exemplary
embodiment, of the difference between the cut-off wave-
length of the infrared absorbing layer and the cut-off wave-
length of the infrared reflecting layer relative to the amount of
shift of the cut-off wavelength occurring when the incident
angle changes from 0° to 35°;

FIG. 14A shows the relationship, in the third exemplary
embodiment, of the difference between the cut-off wave-
length of the infrared absorbing layer and the cut-off wave-
length of'the infrared reflecting layer relative to the steepness
of the transient range of the spectral transmittance curve;

FIG. 14B shows the relationship, in the third exemplary
embodiment, of the difference between the cut-off wave-
length of the infrared absorbing layer and the cut-off wave-
length of the infrared reflecting layer relative to the amount of
shift of the cut-off wavelength occurring when the incident
angle changes from 0° to 35°;

FIG. 15 shows the infrared cut filter according to another
embodiment of the present invention;

FIG. 16 shows the infrared cut filter according to still
another embodiment of the present invention;
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FIG. 17 shows the infrared cut filter according to yet
another embodiment of the present invention;

FIG. 18 shows the infrared cut filter according to yet
another embodiment of the present invention;

FIG. 19 shows an imaging apparatus in which the infrared
cut filter according to the embodiments of the present inven-
tion is used;

FIG. 20 shows the spectral transmittance curves obtained
when the cut-off wavelength of the infrared reflecting layer is
varied;

FIG. 21 shows the spectral transmittance curve of the infra-
red absorbing layer used in the first exemplary embodiment;

FIG. 22 shows the spectral transmittance curve of the infra-
red absorbing layer used in the second exemplary embodi-
ment; and

FIG. 23 shows the spectral transmittance curve of the infra-
red absorbing layer used in the third exemplary embodiment.

DETAILED DESCRIPTION OF THE INVENTION

The invention will now be described by reference to the
preferred embodiments. This does not intend to limit the
scope of the present invention, but to exemplify the invention.

FIG. 1 is a cross sectional view showing the structure of an
infrared cut filter 10 according to an embodiment of the
present invention. As shown in FIG. 1, the infrared cut filter
10 includes a transparent dielectric substrate 12, an infrared
reflecting layer 14, and an infrared absorbing layer 16. The
infrared reflecting layer 14 is formed on one of the surfaces of
the transparent dielectric substrate 12. The infrared absorbing
layer 16 is formed on the other surface of the transparent
dielectric substrate 12.

For example, the infrared cut filter 10 shown in FIG. 1 is
provided between the imaging lens system and the imaging
device of a digital camera. The infrared cut filter 10 is imple-
mented to receive light via the infrared reflecting layer 14 and
emit light from the infrared absorbing layer 16. In other
words, the infrared reflecting layer 14 as implemented in the
camera faces the imaging lens system and the infrared absorb-
ing layer 16 faces the imaging device.

The transparent dielectric substrate 12 may be a plate of a
thickness of about 0.1 mm-0.3 mm. The material forming the
transparent dielectric substrate 12 is non-limiting so long as it
transmits visible light. For example, the transparent dielectric
substrate 12 may be formed of glass. A glass substrate formed
of glass is inexpensive and so is favorable in terms of cost.
Alternative, a synthetic resin film or a synthetic resin sub-
strate formed of polymethylmethacrylate (PMMA), polyeth-
ylene terephthalate (PET), polycarbonate (PC), polyimide
(PD), etc. may be used as the transparent dielectric substrate
12.

The infrared reflecting layer 14 is formed on one of the
surfaces of the transparent dielectric substrate 12 as described
above and functions as a surface on which light is incident.
The infrared reflecting layer 14 is configured to transmit
visible light and reflect infrared light. The infrared reflecting
layer 14 may be formed of a dielectric multilayer film includ-
ing a stack of alarge number of dielectric layers with different
refractive indices. The optical property of the dielectric mul-
tilayer film such as spectral transmittance property can be
designed at will by controlling the refractive index and thick-
ness of each layer. The infrared reflecting layer 14 may be
formed by alternately depositing a titanium oxide (TiO,)
layer and a silicon oxide (Si0,) layer with different refractive
indices on the transparent dielectric substrate 12. Other than
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TiO, and SiO,, a dielectric material such as MgF,, Al,O;,
MgO, ZrO,, Nb,O,, and Ta,O; may be used to form the
dielectric multilayer film.

The infrared absorbing layer 16 is formed on the other
surface of the transparent dielectric substrate 12 as described
above and functions as a surface from which light exits. The
infrared absorbing layer 16 is configured to transmit visible
light and absorb infrared light. The light incident on the
infrared cut filter 10 is transmitted through the infrared
reflecting layer 14 and the transparent dielectric substrate 12
before being incident on the infrared absorbing layer 16.
Therefore, the infrared absorbing layer 16 absorbs infrared
light not shielded by the infrared reflecting layer 14 or the
transparent dielectric substrate 12.

The infrared absorbing layer 16 may be formed by depos-
iting resin containing infrared absorbing pigment on the
transparent dielectric substrate 12. The infrared absorbing
layer 16 may be a solid film formed by adding appropriate
infrared absorbing pigment in a resin matrix, dissolving or
dispersing the pigment, and drying and curing the matrix. Azo
compound, diimonium compound, dithiol metal complex,
phthalocyanine compound, cyanine compound, etc. may be
used as the infrared absorbing pigment. Alternatively, these
compounds may be used in combination thereof. The resin
matrix is required to retain the infrared absorbing pigment
dissolved or dispersed in the matrix and to be a transparent
dielectric material. Polyester, polyacryl, polyolefin, polycar-
bonate, polycycloolefin, polyvinyl butyral, etc. may be used
as the resin matrix. These materials for resin matrix are inex-
pensive and so are favorable in terms of cost.

A description will now be given of the function of the
infrared cut filter 10 according to the embodiment. A descrip-
tion will first be given of the function of the infrared cut filter
according comparative embodiments.

FIG. 2 shows the spectral transmittance curve of an infra-
red cutfilter according to the first comparative embodiment in
which only an infrared reflecting layer including a dielectric
multilayer film is formed on a glass substrate. FIG. 3 shows
the spectral transmittance curve of an infrared cut filter
according to the second comparative example in which only
an infrared absorbing layer including a resin matrix that con-
tains infrared absorbing pigment is formed on a glass sub-
strate.

As shown in FIG. 2, the infrared cut filter according to the
first comparative example exhibits dependence on the inci-
dent angle, which is characteristic to a dielectric multilayer
film. The solid line in FIG. 2 represents the spectral transmit-
tance curve that results when the incident angle is 0°, the
broken line represents the spectral transmittance curve that
results when the incident angle is 25°, and the chain line
represents the spectral transmittance curve that results when
the incident angle is 35°. Given that the wavelength that
provides the transmittance of 50% is Agzsgoes Arzsgo,—about
655 nm when the incident angle is 0°. When the incident angle
18 25°, Axrsoo,—about 637 nm, and, when the incident angle is
35°, Arrsgo,=about 625 nm. Thus, when the incident angle
changes from 0° to 35° in the infrared cut filter according to
the first comparative example, Az o0, is shifted to the short
wavelength side by about 30 nm.

Provided that the infrared cut filter is used with an imaging
device, light with a small incident angle (e.g. the incident
angle of 0°) on the infrared cut filter enters the central part of
the imaging device. Meanwhile, light with a large incident
angle (e.g. the incident angle of 25° or 35°) on the infrared cut
filter enters the periphery of the imaging device. Therefore, if
the infrared cut filter having the infrared shielding property
shown in FIG. 2 is used in an imaging apparatus, the spectral
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transmittance property (in particular, the spectral property
near the wavelength 650 nm) of light entering the imaging
device will differ depending on the position on the light-
receiving surface of the imaging device. This results in dif-
ferent colors in the central part of an image and in the periph-
ery thereof, thereby adversely affecting color reproducibility.

Unlike the infrared cut filter according to the first compara-
tive example, the shielding property of the infrared cut filter
according to the second comparative example is not depen-
dent on the incident angle. However, the spectral transmit-
tance curve of the infrared cut filter according to the second
comparative example shows gradual decrease in a transient
range where the transmittance changes from relatively highto
relatively low. Generally, an infrared cut filter is designed to
have a transient range near the wavelength of 600 nm to 700
nm so as not to affect color reproducibility. An infrared cut
filter is expected show an abrupt change in the transmittance
in this range. Such a property is referred to as “sharp cut-off
property”. Therefore, it is impossible to control color repro-
ducibility properly by using the infrared cut filter according to
the second comparative example.

We considered the disadvantage associated with the com-
parative examples and found out that reduction in the depen-
dence of the shielding property on the incident angle and
favorable sharp cut-off property can be realized by forming
the infrared reflecting layer 14 on one surface of the transpar-
ent dielectric substrate 12 and forming the infrared absorbing
layer 16 on the other surface.

FIG. 4 shows the spectral transmittance curve of the infra-
red cut filter 10 according to the embodiment. In FIG. 4 as in
FIG. 2, the solid line represents the spectral transmittance
curve that results when the incident angle is 0°, the broken
line represents the spectral transmittance curve that results
when the incident angle is 25°, and the chain line represents
the spectral transmittance curve that results when the incident
angle is 35°.

The property of the infrared cut filter 10 according to the
embodiment is determined by the combination of the optical
property of the infrared reflecting layer 14 and the optical
property of the infrared absorbing layer 16. It will be given
that the wavelength that provides the transmittance of 50% of
the infrared reflecting layer alone, when the incident angle is
0°, 18 Agzsgo, (nm), and the wavelength that provides the
transmittance of 50% of the infrared absorbing layer alone is
M arsoo, (nm). FIG. 4 shows the spectral transmittance curve of
the infrared cut filter 10 in which A, zsq0,=Agz7s00,_20 nM,
namely, in which A 4., 1s shorter than Az <., by 20 nm.

Given that the wavelength that provides the transmittance
ot 50% of the infrared cut filter 10 according to the embodi-
ment, when the incident angle is 0°, is Aj5qo, (NM), A 750, OF
the infrared cut filter 10 according to the embodiment is
approximately equal to 646 nm when the incident angle is 0°,
as shown in FIG. 4. When the incident angle is 25°, A5q0, 1S
approximately equal to 645 nm. When the incident angle is
35° hpsoo, 18 approximately equal to 633 nm. Thus, Az, Of
the infrared cut filter 10 according to the embodiment is
shifted to the short wavelength side by only about 13 nm even
when the incident angle changes from 0° to 35°. The depen-
dence of Apsq, on the incident angle is smaller than the
dependence of Az 7500, On the incident angle of the first com-
parative example. Referring also to FIG. 4, change in the
incident angle hardly produces any change in the spectral
transmittance curve in the range in which the transmittance is
higher than 50%. Meanwahile, in the range in which the trans-
mittance is lower than 50%, the spectral transmittance curve
shows a difference in response to a change in the incident
angle. However, the difference in the spectral transmittance
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curve in the range in which the transmittance is lower than
50% hardly presents any problem because the impact on color
reproducibility is small.

Further, FIG. 4 shows that the infrared cut filter 10 accord-
ing to the embodiment has a transient range near the wave-
length of 600 nm to 700 nm. The transmittance changes
abruptly in this range with the result that a favorable sharp
cut-off property is realized.

The optical property of the infrared cut filter 10 according
to the embodiment is determined by the combination of the
infrared reflecting layer 14 and the infrared absorbing layer
16. The favorable optical property of the infrared reflecting
layer 14 and the infrared absorbing layer 16 will now be
discussed.

First, the suitable optical property of the infrared reflecting
layer 14 will be discussed. The infrared reflecting layer 14 is
designed to pass visible light at least in a band of 400 nm-600
nm and at least reflect infrared light with a wavelength longer
than 750 nm so as to achieve the required performance. The
wavelength that provides the spectral transmittance of 50% in
a transient range between the pass range and the reflection
range will be defined as a cut-off wavelength Az 7500, - Arzsoos
of'the infrared reflecting layer 14 depends on the requirement
from the spectral sensitivity area of the imaging device and is
preferably designed to be near the cut-off wavelength A 700,
of'the infrared absorbing layer 16. More preferably, Az 7500, 1S
designed such that A 7500, <Agzsooe-

The infrared reflecting layer 14 is designed so that the
transmittance in the visible spectrum range is as high as
possible. This is to allow light in the visible spectrum range
necessary for imaging to reach the light-receiving surface of
the imaging device as much as possible. Meanwhile, the
infrared reflecting layer 14 is designed so that the transmit-
tance in the infrared spectrum range is as low as possible. This
is to shield light not contributing to imaging or light in a
harmful range as much as possible. For example, the infrared
reflecting layer 14 preferably has an average spectral trans-
mittance of 90% or greater at least in a visible spectrum range
in the wavelength band of 400 nm-600 nm and a spectral
transmittance of less than 2% at least in an infrared spectrum
range beyond the wavelength of 750 nm.

Further, the spectral transmittance of the infrared reflecting
layer 14 preferably exhibits abrupt change in the transient
range (referred to as “sharp cut-off property”). This is
because, if the sharp cut-off property is lost and the transient
range grows excessively, it will be difficult to control color
reproducibility. Defining the steepness of the transmittance in
the transient range as Axg opr=hr7sovs—Prr2el (Mrrmos
denotes the wavelength that provides the spectral transmit-
tance of 2%), Agsropr Of the infrared reflecting layer 14 is
preferably as small as possible. For example, Az ; oz 15 pref-
erably less than 70 nm.

The spectral transmittance curve shown in FIG. 2 shows
that the average spectral transmittance is 90% or greater in the
visible spectrum range when the incident angle is 0°, 25°, or
35°. The average spectral transmittance in the infrared spec-
trum range is less than 2%. The spectral transmittance curve
shown in FIG. 2 shows that Az g; o is less than 70 nm when
the incident angle is 0°, 25°, or 35°. Therefore, the infrared
absorbing layer 16 having the spectral transmittance shown in
FIG. 2 can be suitably used in the infrared cut filter 10 accord-
ing to the embodiment.

A description will now be given of the suitable optical
property of the infrared absorbing layer 16. The optical prop-
erty required of the infrared absorbing layer 16 varies depend-
ing on the optical property of the infrared reflecting layer 14
with which the infrared absorbing layer 16 is combined.
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In this embodiment, it is preferable that the cut-off wave-
length A 7540, of the infrared absorbing layer 16 be shorter
than the cut-off wavelength A, 7., of the infrared reflecting
layer 14, i.e., it is preferable that A <0, <Az 7500,- BY ensur-
ing that the infrared absorbing layer 16 meets this condition,
the dependence of the infrared shielding property on the
incident angle of the infrared cut filter 10, namely, the shift
amount of the cut-oftf wavelength A ;g of the infrared cut
filter 10 occurring when the incident angle changes from 0° to
35° can be reduced.

Further, it is preferable that the average transmittance of
the infrared absorbing layer 16 in the visible spectrum range
be as high as possible. This is because, if the average trans-
mittance in the range of the infrared absorbing layer 16 is
small, the amount of light reaching the imaging device will be
small. For example, it is preferable that the average transmit-
tance of the infrared absorbing layer 16 in the wavelength 400
nm-600 nm be 80% or greater.

In this embodiment, the spectral transmittance of the infra-
red absorbing layer 16 in the long wavelength range beyond
Agrae, 18 NOt of concern. This is because the average spectral
transmittance of the infrared reflecting layer 14 is extremely
small in this range so that the overall transmittance in the
range of the infrared cut filter 10 is ensured to be low.

In this embodiment, it is preferable that the spectral trans-
mittance curve of the infrared absorbing layer 16 monoto-
nously decrease in the transient range (e.g. 600 nm-Az 0, )-
This is because it is easy in this way to know the cut-off
wavelength A <., of the infrared cut filter 10 comprised of the
combination of the layers 14 and 16. Other advantages
include easiness and flexibility of setting and easiness of
control of color reproducibility.

Discussed below are first through third exemplary embodi-
ments in which are used the infrared reflecting film and the
infrared absorbing layer that meet all of the above conditions.
Also, a detailed study is made of the relationship between the
cut-oft wavelength Az 700, 0f the infrared reflecting layer 14
and the cut-oft wavelength A 7., of the infrared absorbing
layer 16.

FIG. 5 lists the composition of the infrared absorbing layer
used in the first through third exemplary embodiments. The
infrared absorbing layer used in the first exemplary embodi-
ment is formed in the following steps. First, methyl ethyl
ketone (MEK) is used as a solvent. 0.002/0.807=0.25 wt % of
KAYASORB CY-10 (cyanine compound) from NIPPON
KAYAKUCO.,LTD.,0.001/0.807=0.12 wt % of NTA-7200H
(azo compound) from HAKKOL CHEMICAL CO., LTD.,
0.003/0.807=0.37 wt % of KAYASORB IRG-022 (diimo-
nium compound) from NIPPON KAYAKU CO., LTD. are
added to 0.055% PVB (polyvinyl butyral)). After blending,
the solution is stirred for 10-15 minutes. The solution is
applied evenly on one surface of a glass substrate by flow
coating. The glass substrate is left untouched for two hours to
dry. The glass substrate is heated for 20 minutes at 140° C. so
as to form an infrared absorbing layer. The infrared absorbing
layers of the second and third exemplary embodiments are
also formed in similar steps, using the pigment shown in FIG.
5. The spectral transmittance curves of the infrared absorbing
film in isolation are shown in FIGS. 21, 22, and 23. The
average transmittance in the wavelength 400 nm-600 nm in
the first through third exemplary embodiments is 80.4%,
80.6%, and 80.7%, respectively. In a long-wavelength range
beyond the wavelength 600 nm, the curve monotonously
decreases.

A more suitable condition for the cut-off wavelength
Arrsoo, Of the infrared reflecting layer 14 and the cut-off
wavelength A <., of the infrared absorbing layer 16 will be
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discussed. FIGS. 6A-6M show the spectral transmittance
curves of the infrared cut filter obtained by varying the dif-
ference between A z<q0, and Agzsoo, i the first exemplary
embodiment in units of 10 nm. FIGS. 7A-7M show the spec-
tral transmittance curves of the infrared cut filter obtained by
varying the difference between A ;sqo, and Agzsge, in the
second exemplary embodiment in units of 10 nm. FIGS.
8A-8M show the spectral transmittance curves of the infrared
cut filter obtained by varying the difference between A <0,
and Az 7sqo, 11 the third exemplary embodiment in units of 10
nm. Referring to FIGS. 6A-6M, 7A-7M, and 8A-8M, the
solid line represents the spectral transmittance curve that
results when the incident angle is 0°, the broken line repre-
sents the spectral transmittance curve that results when the
incident angle is 25°, and the chain line represents the spectral
transmittance curve that results when the incident angle is
35°. In each of the exemplary embodiments, the difference
between A z7sgo, a0d Agrsgo, 18 set by fixing A g0, of the
infrared absorbing layer 16 and varying the cut-off wave-
length Ay 70, 0f the infrared reflecting layer 14, as shown in
FIG. 20. Since the infrared reflecting layer 14 is formed of a
dielectric multilayer film, variation in the transient range can
be easily implemented by adjusting the film thickness or the
number of layers. FIG. 20 shows variation of the spectral
transmittance curve of the infrared reflecting layer according
to the first exemplary embodiment. The spectral transmit-
tance curve of the infrared reflecting layer according to the
second and third exemplary embodiment can be varied simi-
larly.

FIGS. 6A, 7A, and 8A show the spectral transmittance
curve of the infrared cut filter according to the first through
third exemplary embodiments, respectively, in which
My rs00e—MR7500,=00 M, 1.€. A 7100, 18 longer than Ay 750, by
60 nm. FIGS. 6B, 7B, and 8B show the spectral transmittance
curve of the infrared cut filter according to the first through
third exemplary embodiments, respectively, in which
M a7s00e—MrT500,—00 M, 1.€. A 7500, 15 longer than Ag 15q0, by
50 nm. FIGS. 6C, 7C, and 8C show the spectral transmittance
curve of the infrared cut filter according to the first through
third exemplary embodiments, respectively, in which
M a7s00e—MrT500,—40 M, 1.€. A 7500, 15 longer than Ay 15q0, by
40 nm. FIGS. 6D, 7D, and 8D show the spectral transmittance
curve of the infrared cut filter according to the first through
third exemplary embodiments, respectively, in which
M a7s00e—MrT500,—30 1M, 1.€. A 7500, 15 longer than Ay 15q0, by
30 nm. FIGS. 6E, 7E, and 8E show the spectral transmittance
curve of the infrared cut filter according to the first through
third exemplary embodiments, respectively, in which
M yrsove—Mr 7500, =20 NM, 1.€. A 7100, 18 longer than Ay 750, by
20 nm. FIGS. 6F, 7F, and 8F show the spectral transmittance
curve of the infrared cut filter according to the first through
third exemplary embodiments, respectively, in which
M a7s00e—MrT500,—10 1M, 1.€. A 7500, 15 longer than Ay 15q0, by
10 nm. FIGS. 6G, 7G, and 8G show the spectral transmittance
curve of the infrared cut filter according to the first through
third exemplary embodiments, respectively, in which
M 75006 =R T500,=0 M, 1.€. A 47500, 18 €qual 10 Agysgo,. FIGS.
6H, 7H, and 8H show the spectral transmittance curve of the
infrared cut filter according to the first through third exem-
plary embodiments, respectively, in which A g0~
Ar7soo,—=—10nm, i.e. A 7500, is shorter than Ay 70, by 10 nm.
FIGS. 61, 71, and 81 show the spectral transmittance curve of
the infrared cut filter according to the first through third
exemplary embodiments, respectively, in which A g0~
Ar7s00,=—20 1M, 1.€. A 4 7500, 15 shorter than Az 700, by 20 nm.
FIGS. 6], 7], and 8] show the spectral transmittance curve of
the infrared cut filter according to the first through third
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exemplary embodiments, respectively, in which A g0,
Arrsoo,—=—30nm, i.€. A 7500, is shorter than Ay 70, by 30 nm.
FIGS. 6K, 7K, and 8K show the spectral transmittance curve
of the infrared cut filter according to the first through third
exemplary embodiments, respectively, in which A_;sq0,—
Arrs0o,=—40 1M, i.e. A ; 7500, 15 shorter than Az 70, by 40 nm.
FIGS. 6L, 7L, and 8L show the spectral transmittance curve
of the infrared cut filter according to the first through third
exemplary embodiments, respectively, in which A g0,
Arzs00,=—50 1M, 1.€. A 47500, 15 shorter than Az 70, by S0 nm.
FIGS. 6M, 7M, and 8M show the spectral transmittance curve
of the infrared cut filter according to the first through third
exemplary embodiments, respectively, in which A g0,
Arrsoo,——00nm, i.€. A 7500, 1S shorter than Ay 0, by 60 nm.
The primary parameters of the spectral transmittance curve of
FIGS. 6A-6M (first exemplary embodiment), the spectral
transmittance curve of FIGS. 7A-7M (second exemplary
embodiment), and the spectral transmittance curve of FIGS.
8A-8M (third exemplary embodiment) are shown in FIGS. 9,
10, and 11, respectively.

For evaluating the spectral transmittance curves shown in
FIGS. 6A-6M, 7A-7M, and 8A-8M, we established (1) and
(2) below as the property (hereinafter, referred to as “basic
property”) primarily required for the infrared cut filter.

(1) average transmittance T, in the wavelength 400 nm-600
nm>70%
(2) A spopE=Mrs00e—A r20,/<70 nm (sharp cut-off property)

With regard to the basic property related to the average
transmittance T, indicated in (1), the spectral transmittance
curve shown in FIG. 8A obtained when A 7500, —Ag 7500, =00
nm does not fulfill the requirement. However, the spectral
transmittance curves shown in FIGS. 6A-6M, 7A-7TM and
8B-8M meet the basic property of (1).

FIGS. 12A, 13A, and 14A respectively show the relation-
ship in the first through third exemplary embodiments of the
difference A zsg0,—Arzsoo, between the cut-off wavelength
A 47500, Of the infrared absorbing layer 16 and the cut-off
wavelength Az sq0, 0f the infrared reflecting layer 14 relative
to the steepness Ag; opr=IA 7500, —Mme,] Of the transient range
of the spectral transmittance curve. As described above, the
steepness (sharp cut-off property) of the spectral transmit-
tance curve of the infrared cut filter in the transient range is
preferably as small as possible, and, more specifically, less
than 70 nm, as required by the basic property (2) above. Thus,
FIGS. 12A, 13A, and 14A show that the condition of
=50=A 4 7500s—Ar 75004 18 preferable.

We established (3) below as the property necessary for
improvement in the dependence of the infrared shielding
property on the incident angle, the primary problem of the
present invention. Given that the shift amount in the cut-off
wavelength A 0, Obtained when the incident angle changes
from 0° to 35° is denoted by A ,5,,

(3) Al ys00,<25 N

FIGS. 12B, 13B, and 14B respectively show the relation-
ship in the first through third embodiments of the difference
Arsose—Pr 75005 DETWeeEN the cut-off wavelength A ., of the
infrared absorbing layer 16 and the cut-off wavelength
Arrsoo, Of the infrared reflecting layer 14 relative to the shift
amount AA ., of the cut-off wavelength A .., occurring
when the incident angle changes from 0° to 35°. It is prefer-
able that AA .., be less than 25 nm, as required by property
(3) above. Thus, FIGS. 12B, 13B, and 14B show that it is
preferable that A ;7500 —Ag 7500, <—10 nm.

Based on the foregoing considerations, it is preferable that
the difference between the cut-off wavelength A ., of the
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infrared absorbing layer 16 and the cut-off wavelength
Ar7soo, Of the infrared reflecting layer 14 meet the following
condition.

—-50 nm=A 4 7500, ~Mr7500,5—10 DM

By meeting all of the above requirements for property,
favorable images can be obtained in which balance is
achieved in factors (e.g. transmittance and color quality) con-
tributing to image quality. The requirements for property
listed above are by way of example only and can be modified
s0 as to adapt to the property of the imaging device.

Described above is the infrared cut filter 10 according to
the embodiment. The embodiment provides the infrared cut
filter 10 having favorable infrared shielding property charac-
terized by little dependence on the incident angle, by forming
the infrared reflecting layer 14 on one surface of the transpar-
ent dielectric substrate 12 and forming the infrared absorbing
layer 16 on the other surface.

Inthe infrared cut filter 10 according to the embodiment, an
ordinary glass substrate can be used as the transparent dielec-
tric substrate 12. Since it is not necessary to use fragile glass
such as fluorophosphate glass which is not easy to work (e.g.
to polish), the substrate can be worked in an ordinary manner
(e.g. polished or cut). As aresult, the thickness of the substrate
can be controlled at will. For example, a thin substrate can be
produced.

The property of the infrared cut filter 10 according to the
embodiment is determined by the combination of the optical
property of the infrared reflecting layer 14 and the optical
property of the infrared absorbing layer 16. The optical prop-
erty of the infrared reflecting layer 14 can be changed easily
by adjusting the layer structure of the dielectric multilayer
film. Also, the optical property of the infrared absorbing layer
16 can be changed easily by adjusting the type or concentra-
tion of infrared absorbing pigment included in the resin
matrix or adjusting the thickness of the infrared absorbing
layer. If fluorophosphate glass is used in order to impart the
substrate with the infrared absorbing capability, change in the
infrared absorbing property requires melting of fluorophos-
phate glass using an furnace, cutting of fluorophosphate
glass, polishing of fluorophosphate glass for the purpose of
adjusting the thickness, etc. Therefore, it is not easy to change
the property. Thus, the infrared cut filter 10 according to the
embodiment is also excellent in that the optical property of
the infrared cut filter 10 can be changed easily.

The infrared reflecting layer 14 of the infrared cut filter 10
shown in FIG. 1 may be formed to reflect ultraviolet light. By
forming the infrared reflecting layer 14 of a dielectric multi-
layer film, the ultraviolet reflecting function can be provided
in the infrared cut filter 10 easily by adjusting the layer struc-
ture. The color filter provided in the imaging device may be
adversely affected by ultraviolet light in that the life is short-
ened. Therefore, by removing ultraviolet light in the infrared
reflecting layer 14 located in front of the imaging device, such
an impact is avoided. By building the ultraviolet reflecting
function in the infrared reflecting layer 14, ultraviolet light
can be removed before reaching the infrared absorbing layer
16 formed of a resin matrix so that degradation of the infrared
absorbing layer 16 can be prevented.

FIG. 15 shows the infrared cut filter 10 according to
another embodiment of the present invention. Those compo-
nents of the infrared cut filter 10 shown in FIG. 15 that are
identical or corresponding to components of the infrared cut
filter shown in FIG. 1 are represented by the same reference
symbols and the description is omitted as appropriate.

The infrared cut filter 10 according to this embodiment
differs from the infrared cut filter shown in FIG. 1 in that a
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protective layer 18 is formed on the infrared absorbing layer
16. As shown in FIG. 15, the protective layer 18 is formed on
the surface of the infrared absorbing layer 16 opposite to the
surface facing the transparent dielectric substrate 12. In the
infrared cut filter according to this embodiment, light exits
through the protective layer 18.

Since the infrared absorbing layer 16 contains infrared
absorbing pigment, the layer 16 contains organic compo-
nents. For this reason, the infrared absorbing layer 16 has
relatively low abrasion resistance and humidity resistance.
Therefore, by providing on the infrared absorbing layer 16 the
protective layer 18 having a different composition from the
infrared absorbing layer 16 as in this embodiment, the infra-
red absorbing layer 16 can be protected.

For example, the protective layer 18 may be a sol-gel hard
coating comprising tetraethyl orthosilicate (TEOS) as a main
component. The protective layer 18 may be formed by (a)
applying a hard coat agent on the infrared absorbing layer 16,
(b) coating the infrared absorbing layer 16 with a sol-gel film,
(c) vapor-depositing a dielectric film such as an SiO, layer on
the infrared absorbing layer 16. However, the method is non-
limiting.

In the infrared cut filter 10 shown in FIG. 15, the protective
layer 18 may be formed to prevent reflection of visible light.
By covering the infrared absorbing layer 16 using a material
with a refractive index lower than that of the infrared absorb-
ing layer 16, the protective layer 18 is provided with the
function of preventing reflection of visible light. As a result,
the visible light transmittance can be improved in the infrared
cut filter 10 as a whole. Alternatively, a reflection preventing
film formed of a dielectric multilayer film may be deposited
on the infrared absorbing layer 16 to form a protective layer
18.

The protective layer 18 in the infrared cut filter shown in
FIG. 15 may be formed to prevent transmittance of ultraviolet
light. This prevents ultraviolet light incident, from the light
exiting surface, from reaching the imaging device and so
prevents degradation of the color filter provided in the imag-
ing device.

FIG. 16 shows the infrared cut filter 10 according to still
another embodiment of the present invention. Those compo-
nents of the infrared cut filter 10 shown in FIG. 16 that are
identical or corresponding to components of the infrared cut
filter shown in FIGS. 1 and 15 are represented by the same
reference symbols and the description is omitted as appropri-
ate.

The infrared cut filter 10 according to this embodiment
differs from the infrared cut filter shown in FIG. 15 in that a
reflection prevention layer 20 for preventing reflection of
visible light is formed on the protective layer 18. As shown in
FIG. 16, the reflection prevention layer 20 is formed on the
surface of the protective layer 18 opposite to the surface
facing the infrared absorbing layer 16. In the infrared cut filter
10 according to this embodiment, light exits through the
reflection prevention layer 20.

Forming the reflection prevention layer 20 on the protec-
tive layer 18 as in the infrared cut filter 10 according to this
embodiment also facilitates improvement in the visible light
transmittance of the infrared cut filter 10 as a whole.

The reflection prevention layer 20 in the infrared cut filter
10 shown in FIG. 16 may be formed to prevent ultraviolet
light transmittance. This prevents ultraviolet light incident,
from the light exiting surface, from reaching the imaging
device and prevents degradation of the color filter provided in
the imaging device.

FIG. 17 shows the infrared cut filter 10 according to yet
another embodiment of the present invention. Those compo-
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nents of the infrared cut filter 10 shown in FIG. 17 that are
identical or corresponding to components of the infrared cut
filter shown in FIG. 1 are represented by the same reference
symbols and the description is omitted as appropriate.

The infrared cut filter 10 according to this embodiment
differs from the infrared cut filter shown in FIG. 1 in that a
primer layer 22 is formed between the transparent dielectric
substrate 12 and the infrared absorbing layer 16. By forming
the primer layer 22 between the transparent dielectric sub-
strate 12 and the infrared absorbing layer 16, adhesion prop-
erty between the transparent dielectric substrate 12 and the
infrared absorbing layer 16 is improved so that the environ-
mental resistance of the infrared cut filter 10 is improved.

FIG. 18 shows the infrared cut filter 10 according to yet
another embodiment of the present invention. Those compo-
nents of the infrared cut filter 10 shown in FIG. 18 that are
identical or corresponding to components of the infrared cut
filter shown in FIG. 1 are represented by the same reference
symbols and the description is omitted as appropriate.

The infrared cut filter 10 according to this embodiment
differs from the infrared cut filter shown in FIG. 1 in that the
infrared reflecting layer 14 is warped. The infrared reflecting
layer 14 is warped such that the surface opposite to the surface
on the side of the transparent dielectric substrate 12 is convex.
In association with the warp of the infrared reflecting layer
14, the transparent dielectric substrate 12 and the infrared
absorbing layer 16 according to this embodiment are also
warped.

As described above, when the infrared cut filter 10 is used
in the imaging apparatus, the filter 10 is mounted such that the
infrared reflecting layer 14 faces the imaging lens and the
infrared absorbing layer 16 faces the imaging device. How-
ever, the infrared cut filter 10 is extremely thin and small so
that it is not easy to distinguish between the infrared reflecting
layer 14 and the infrared absorbing layer 16. Therefore, warp-
ing of the infrared reflecting layer 14 allows the layer 14 to be
identified visually. By controlling the stress on the film sur-
face when the dielectric multilayer film is deposited on the
transparent dielectric substrate 12, the degree of warp of the
infrared reflecting layer 14 can be adjusted without affecting
the optical property.

FIG. 19 shows an imaging apparatus 100 in which the
infrared cut filter 10 according to the embodiments of the
present invention is used. As shown FIG. 19, the imaging
apparatus 100 includes an imaging lens 102, the infrared cut
filter 10, and an imaging device 104. The imaging device 104
may be a semiconductor solid-state imaging device such as a
CCD or a CMOS. As shown in FIG. 19, the infrared cut filter
10 is provided between the imaging lens 102 and the imaging
device 104 such that the infrared reflecting layer 14 faces the
imaging lens 102 and the infrared absorbing layer 16 faces the
imaging device 104.

As shown in FIG. 19, light from a subject is condensed by
the imaging lens 102. Infrared light is removed by the infrared
cut filter 10. The resultant light is incident on the imaging
device 104. As shown in FIG. 19, the light is incident on the
infrared cut filter 10 from the imaging lens 102 at various
angles of incidence. By using the infrared cut filter 10 accord-
ing to any of the embodiments, infrared light can be suitably
shielded regardless of the incident angle. Therefore, favor-
able images with high color reproducibility can be captured.

The embodiments as described above are used as the infra-
red cut filter 10 in the imaging apparatus. Alternatively, the
infrared cut filter 10 according to the embodiments can be put
to other uses. For example, the infrared cut filter 10 can be
used as a heat shielding film for a wind shield glass or a side
window of automobiles, or for architectural glass. Still alter-
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natively, the infrared cut filter 10 can be used as an infrared cut
filter for a plasma display panel (PDP).

Described above is an explanation based on an exemplary
embodiment. The embodiment is intended to be illustrative
only and it will be obvious to those skilled in the art that
various modifications to constituting elements and processes
could be developed and that such modifications are also
within the scope of the present invention.

What is claimed is:

1. An infrared cut filter comprising:

a transparent dielectric substrate;

an infrared reflecting layer formed on one surface of the

transparent dielectric substrate and configured to reflect
infrared light; and

an infrared absorbing layer formed on the other surface of

the transparent dielectric substrate and configured to
absorb infrared light, wherein

the infrared absorbing layer is formed of a resin that con-

tains infrared absorbing pigment,

the infrared reflecting layer is formed of a dielectric mul-

tilayer film,
given that a wavelength that provides the transmittance of
50% of the infrared reflecting layer, when an incident
angle is 0°, is Az zsq0, N and the wavelength that pro-
vides the transmittance of 50% of the infrared absorbing
layer, when the incident angle is 0°, is A 7sqo, M, the
infrared reflecting layer and the infrared absorbing layer
are formed such that A 7500, —Ar7500,<—10 nm is met,

the infrared reflecting layer and the infrared absorbing
layer are formed such that —=50 nm=A <0, ~Ag 75004 1S
met, and

given that a cut-off wavelength that provides the transmit-

tance of 50% of the infrared cut filter, when the incident
angle is 0°, is A;sq0, nm and that the shift amount in the
cut-off wavelength A ..., obtained when the incident
angle on the infrared cut filter changes from 0° to 35° is
denoted by AR sgop, Ahgsge, <25 nm.

2. The infrared cut filter according to claim 1,

wherein the transparent dielectric substrate is formed of

glass.

3. The infrared cut filter according to claim 1,

wherein the infrared reflecting layer is formed so as to

reflect ultraviolet light.

4. The infrared cut filter according to claim 1,

wherein a protective layer is provided on the infrared

absorbing layer.

5. The infrared cut filter according to claim 4,

wherein the protective layer has the function of preventing

reflection of visible light.

6. The infrared cut filter according to claim 4,

wherein the protective layer has the function of preventing

transmittance of ultraviolet light.

7. The infrared cut filter according to claim 4,

wherein a reflection prevention layer for preventing reflec-

tion of visible light is provided on the protective layer.
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8. The infrared cut filter according to claim 7,

wherein the reflection prevention layer has the function of
preventing transmittance of ultraviolet light.

9. The infrared cut filter according to claim 1,

wherein a primer layer is provided between the transparent
dielectric substrate and the infrared absorbing layer.

10. The infrared cut filter according to claim 1,

wherein the infrared reflecting layer is warped such that the
surface opposite to the surface on the side of the trans-
parent dielectric substrate is convex, and

warping of the infrared reflecting layer is formed by con-
trolling stress when the dielectric multilayer film is
deposited on the transparent dielectric substrate.

11. An imaging apparatus comprising:

the infrared cut filter according to claim 1; and

an imaging device on which light transmitted by the infra-
red cut filter is incident, wherein

the infrared absorbing layer is closer to the imaging device
than the infrared reflecting layer is.

12. The infrared cut filter according to claim 1, wherein

a minimal value of transmittance less than 15% occurs
when the wavelength is 650 nm-750 nm in a spectral
transmittance curve of the infrared absorbing layer, and

ArrsoYo of the infrared reflecting layer is in a wavelength
range 600 nm-700 nm.

13. The infrared cut filter according to claim 1, wherein a

thickness of'the transparent dielectric substrate is 0.1 mm-0.3
mm

14. The infrared cut filter according to claim 11,

wherein the infrared reflecting layer is warped such that the
surface opposite to the surface on the side of the trans-
parent dielectric substrate is convex, and

warping of the infrared reflecting layer is formed by con-
trolling stress when the dielectric multilayer film is
deposited on the transparent dielectric substrate.

15. A method of manufacturing the infrared cut filter

according to claim 13, comprising:

preparing a transparent dielectric substrate having a thick-
ness of 0.1 mm-0.3 mm;

forming an infrared reflecting layer on one surface of the
transparent dielectric substrate, the infrared reflecting
layer having a cut-off wavelength in a wavelength band
of 600 nm-700 nm, and an average spectral transmit-
tance of 90% or greater in a wavelength band of 400
nm-600 nm;

adding an infrared absorbing pigment selected from a cya-
nine compound, a diimonium compound, a phthalocya-
nine compound, or an azo compound to produce a PVB
resin solution containing the infrared absorbing pig-
ment; and

applying the PVB resin solution on a transparent glass
substrate using a flow coating apparatus and drying the
transparent glass substrate.
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